Trans-aconitate synthesis via citrate dehydrase was determined in crude extracts of maize (Zea mays L.) coleoptiles. Two molecular forms of this enzyme were purified by substrate-specific elution from DEAE-celiulose, ammonium sulfate precipitation, and gel fdtration. Each molecular form migrates as a single band in isoelectric focusing. Gel filtration and sodium dodecyl sulfate electrophoresis provided evidence that one enzyme form is composed of four 80,000-dalton subunits while the other is composed of two 60,000-dalton subunits. There was no evidence of proteolytic conversion of the large to the small molecular weight form when the former was incubated with either the 15,100g supernatant or with proteases. The data indicate that the two molecular forms of citrate dehydrase are isozymes.
2 Abbreviations: trans-Ac, trans-aconitic acid; cis-Ac, cis-aconitic acid; CD I, large mol wt form of citrate dehydrase; CD II, small mol wt form of citrate dehydrase. dependent enzyme. Purification of two molecular forms of Kdependent citrate dehydrase ( Fig. 1 ) which utilize citrate as substrate for trans-Ac synthesis is reported herein. This is believed to be the first report of the existence of citrate dehydrase.
MATERIALS AND METHODS
Enzyme Activity in 15,000g Supernatant. Trans-Ac production in the crude extract was determined with reaction times of 10, 30, and 120 min using either 5 mm citrate or 5 mM cis-Ac with and without 100 mm KC1 as substrate. Trans-Ac produced was fractionated by ion exchange chromatography and measured by GLC (2) . Evidence for the reverse reaction was found using 5 mM transAc as substrate.
Assay for Citrate Dehydrase Activity. Step 2. Elution from DEAE-Cellulose with K-Citrate. DEAEcellulose was prepared by suspending 10 g in 100 ml distilled H20 and pelleting by centrifugation at 5,000g for 15 min. Two hundred ml 15,000g supernatant were added to the prepared cellulose and stirred for 30 min. The protein-saturated cellulose was then pelleted by centrifugation, resuspended in 100 ml extracting buffer, and again centrifuged. The final pellet was resuspended for 5 min in 100 ml of substrate-specific eluate (25 ml Tris-HCl [pH 7.2], 0.1 mM EDTA, and 10 mm K-citrate). The enzyme was conveniently recovered in the supernatant after centrifugation.
Step 3. Ammonium Sulfate Precipitation. Proteins in the supernatant of Step 2, precipitating within the range of 60 to 80% saturated ammonium sulfate, were pelleted by centrifugation at 33,000g for 30 min. The pellet was suspended in 2.0 ml of 50 mm Tris-HCl (pH 7.2) and 0.1 mM EDTA. Step 4. Gel Filtration. The suspended proteins from Step 3 were applied to a Bio-Gel A-5m column (2 x 30 cm) previously equilibrated with the same buffer, flow rate 4 ml/h. Serial 1-ml fractions were collected and assayed for enzyme activity. Specific activity is expressed as ,umol of trans-Ac/min-mg protein. The Bio-Gel A column was calibrated for mol wt determinations with the following compounds: Blue Dextran 2000, urease, BSA dimer, BSA monomer, pepsin, and tyrosine.
trans-ACONITIC ACID METABOLISM IN MAIZE

RESULTS AND DISCUSSION
Enzyme Activity in 15,000g Supernatant. Trans-Ac production from citrate by enzymes in the crude extract was not observed in the absence of KCI. With KCI, introconversion of trans-Ac and citrate occurred within 30 min without measurable cis-Ac production (Fig. 2, A and B) . With cis-Ac as substrate, trans-Ac production was not observed within the first 30 min (Fig. 2C) . The appearance of trans-Ac thereafter is attributed to the presence of citrate produced from cis-Ac via aconitase (Fig. 1) . These results indicate that citrate is the substrate for trans-Ac synthesis in maize.
Purification of Citrate Dehydrase. Purification steps are summarized in Table I . Citrate dehydrase bound to DEAE-cellulose at 50 mM KCI, but it was possible to elute the enzyme using its specific substrate, K-citrate (Step 2). Specific activity was increased from 4.3 x 10-5 to 0.092. With isoelectric focusing, only three protein bands were detected in the eluate. Further purification via ammonium sulfate precipitation removed one of the bands, increasing the specific activity to 0.177 (Table I, Step 3).
Gel filtration of the proteins in the ammonium sulfate precipitate revealed two molecular forms of citrate dehydrase (Fig. 3) . Fractions 48 to 51 are designated CD I while fractions 60 to 64 are designated CD II. Each protein appeared as a single band with isoelectric focusing (4). Proteins fractionated by K-citrate elution and ammonium sulfate precipitation were eluted with 50 mm Tris-HCl (pH 7.2) and 0.1 mM EDTA, flow rate 4 ml/h. Substrate Specificity. With citrate as substrate, trans-Ac was the only acid produced in 24 h as determined by GLC (Fig. 4) . Conversely, citrate was the only acid produced when trans-Ac was the substrate. Interconversion between the two acids occurred only in the presence of K, and neither cis-Ac nor isocitrate were utilized as substrate.
Molecular Weights and Subunit Composition. Gel filtration indicated that CD I and CD II had mol wt of 316,000 + 11,000 and 124,000 ± 8,000 daltons, respectively (Fig. 5) . With SDS electrophoresis, each molecular form migrated as a single band with mol wt of subunits being 81,000 ± 5,000 and 59,000 ± 3,000 daltons, respectively. These differences. discount the possibility (6) .
